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suMMmY

An investigation has been made in the Langley low-turbulence pres-
sure tunnel to determine the effects of Mach number and Reynolds number
on the maximum-lift characteristics of the NACA 65-006, 64-009, 64-21o,
and 642-215 airfoil sections in the smooth’condition and in the condition.

with leading-edge roughness. The section lift characteristics were deter-
mined for Mach numbers ranging from 0.1 to approximately 0.5 at constant

● values of the Reynolds number. The Reynolds number range extended from
1.5X106 to 9.0 X106.

For the airfoil sections with abrupt stalls, such as the NACA 64-21o
at low l.kchnumbers, increases in Mach number (Reynolds number held con-
stant) generally resulted in gradual Stdbj whereas, variations of Mach
number generally caused only small changes in the stalls for those airfoil
sections, such as the NACA 642-215, with gradual stalls at low Mach num-

bers. With leading-edge roughness, the stall for each airfoil section
was gradual and generally unaffected by variations of Mach number. The
reduction in maximum section lift coefficient resulting from increasing
the Mach number from 0.1 to 0.4 (Reynolds number held constant) maybe
as large as 0.4, depending upon the airfoil section. With leading-edge
roughness, the maximum section lift coefficient was only slightly affected
by variations of the Mach number between 0.1 and approximately 0.5. The
Reynolds number effects as indicated by experimental data for smooth air-
foil sections are dependent, in many cases, upon the reamer in which the
Mach nunibervaries with Reynolds number. The prediction of aircraft low-
speed performance characteristics from experimental data should include
considerations of the interrelated effects of Mach ntier and Reynolds
number on maximum lift if wing maximum lift coefficients approaching

.
those of the smooth airfoil section are anticipated.

.
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In predicting the low-speed performance characteristics of aircraft .

with stalling speeds corresponding to Mach numbers of about 0.1, the
—.-

maximum lift coefficient has been considered to be free of compressibility
effects. High-speed performance requirements, however, have resulted in

-.

stalling speeds corresponding to lkch rmibers of 0,2 or higher where the ~
effects of compressibilitymay be significant. Inasmuch as the stalling
speed is indicative of the landing speed and of the speeds involved in. ..
low-speed maneuvers, a knowledge of the effects of Mach number and —

Reynolds number Orimaximum lift is desirable. A series of investigations
have been conducted by the National Advisory Committee for Aeronautics

—

to study the “effectsof Mach number and Reynolds number on maximum lift
coefficient (see refs. I to 8). In most of l%ese investigations, the
results were obtained from tests of three-dimensionalmodels and the Mach

..-

number varied simultaneouslywith the Reynolds nwiber. Investigations of
two-dimensionalmodels in which the Mach number is varied while the
Reynolds number is--heldconstant are needed to obtain an indication of
the magnitude of the effects on two-dimensioml sections.

An investigationhas therefore been made in the Langley low-turbulence
pressure tunnel of four airfoil sections ranging in thickness from 6 to *

15 percent chord to determine the effects of Mach number when varied
independently of the Reynolds number onthe maximum lift coefficient for
several constant values of the Reynolds number. The results of this

*

investigation are presented in this paper.
.-
—

The investigation consisted of-measurements of the section lift
characteristics from about zero lift to beyond the stall for the
NACA 65-006, 64-009, 64-210) and 642-215 airfoil sections. The range

of Pkch number extknded from 0.1 to approximately 0.5; whereas, the range

of Reynolds numler extended from 1.5 X 106 to 9.0 X 105. Data were obta~ed
for the airfoil sections with aerod-ically smooth surfaces and with
leading-edge roughness.

sm1301s . .

c1 section lift coefficient, z/qc
-.

cZm= maximum section lift coefficient

C&ax maximum wing lift coefficient .— -...
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decrement of maximum section lift coefficient due to leading-
edge roughness

section angle.of

Reynolds nuniber,

free-stream

free-stream

free-stream

free-stream

Mach

attack, deg

pvc/p

number, V/a

dynamic pressure, *kV2, lb/sq ft

velocity, ft/sec

mass density, slugs/cu ft

speed of sound in free stream, ft/sec

airfoil chord, ft

lift per unit span, lb/ft

coefficient of viscosity, slugs/ft-sec

APPARATUS

The investigation reperted herein was conducted in the Langley low-
turbulence pressure tunnel. Since the publication of reference 9, which
gives a general description of the tunnel, several modifications to the
tunnel and added equipment have extended the o~erating range of the tun-
nel. The tunnel has a rectangular test section, 7~ feet high by 3 feet

wide, and canbe operated at pressures ranging fro: approximate~ 1/5
atmosphere to LO atmospheres absolute. Variations of Mach number and
Reynolds num6er canbe made independently by varying the airsyeed and
the stagnation pressure. The -airfoilsection lift characteristics for
each of the two-dimensional models were determined from measurements of
the integrated pressure reactions along the floor and ceiling of the tun-
nsl test section.

Each of the four models tested in this investigation had a chord of
2 feet and was mounted with seals at the ends so as to span completely
the tunnel test section. Ordinates for the NACA 65-006, 64-o@, 64-P1o,
and 6k@15 airfoil sections are given in table I. The models had aero-
dynamically smooth surfaces for most of the tests. For the condition

.
with leading-edge roughness, O.011-inch-diameterCarborundum grains were
spread over a surface length of 0.08c back from the leading edge on both

A
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surfaces. The grains were thinly spread so as to cover from 5 to 10 per-
cent of the included area (standard roughnestiused in ref. 10).

TESTS

b

Preliminary tests were made of each model in order to obtain a com-
parison of the lift characteristics of the present models with published
data, and, in most cases, fair agreement was obtained between the results
of preliminary tests and the results presented in reference 10. The
model of the NACA 64-21o airfoil section was the last one tested, and
the results of the preliminary tests indicated that, although the lift-
curve slope was the same, the maximum section lift coefficient was about
0..1lower than that obtained from previous te&ts. Tlheaddition of up_per-
surface fences extending from ahead of the leading edge to beyond the
trailing edge, as shown in figure 1, increased the maximum Section lift
coefficient but also decreased the slo~e of the lift curve. Fences
extending over the upper mrface to the 0.33c station, as shown in fig-
ure 1, were then installed in an attempt to prevent separation from being
induced by the tunnel-wall boundary layer and to minimize the pressure
differential across each fence.

..
As indicated by the data presented in

figure 1, the installation of the shorter fences increased the slope of
a-

the lift curve to that obtained without fences and further increased the
--

maximum section lift coefficient to approxims.tel.ythe valu,eobtained in
the investigationreported in reference 10.

f

The short fences were therefore used for the remaining tests of the
model of the NACA 64-21o airfoil section. Lack of time ~revented the
performance of additional tests to determine whether the installation of
similar fences on the other three models would also increase the maximum
section lift coefficients. Additional investigationsare needed to
determine whether the low value of the maximum section lift coefficient
obtained for the model of the I?ACA6k-210 airfoil section without fences
was caused by the undetected imperfections in the surface firiish,the
absence of slots for bleeding the tunnel-wall boundary layers (the very
small bleed slots were removed during the recent tunnel modification),
or the extreme sensitivity of the maximum section lift coefficient of
that airfoil section to small departures from-true airfoil contour,

The section lift characteristicsof each model in the smooth condition
and for the conditionwith leading-edge roug@ws were determined for Mach
numbers extending from 0.1 to about 0.5. The range of Reynolds number

extended from 1.5 X 106 to 9.0 X 106. The range of angle of attack
investigated for each model corresponded to a range of lift coefficient
extending from about zero lift to beyond the stall. The test conditions
for each model are listed in table II. A discussion of the methods used
in correcting the data to free-air conditions is given in reference 9.
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RESUUI’SAMD DISCUSSION

7

The basic data consisting of the section lift characteristics for
the four airfoil sections in the smooth condition and for the condition
with leading-edge roughness are presented in figures 2 to 5. The effects
of Mach number and Reyuolds number on the maximum section lift coefficient
are shown in figures 6 to 8.

Smooth Airfoils

Effect of Mach number for constant Reynolds number.- From the data
presented in figure 2(a) it is apparent that variations of the Mach num-
ber between 0.1 and 0.4 resulted in only small changes in the shape of
the lift-curve peak for the NACA 65-006 airfoil section. Increasing the
section angle of attack of the NACA 65-006 airfoil section to slightly ‘
beyond that for stall generally caused only small changes in the section
lift coefficient and most of the curves indicate that further increases
in angle of attack resulted in a secondary rise in section lift coeffi-
cient. At Mach numbers of 0.20 and 0.21 and at Reynolds numbers of

t 6.o x 106 and 9.0 x 106, respectively, the maximum values of the section
. lift coefficient were attained after the onset of separation. Similar

secondary rises in the lift curves have been observed in tests of thin
* airfoils with sharp leading edges, as is the case for a flat plate, for

Mach nwibers as low as 0.1. The secondsry rise in the lift curve for a
flat plate is attributed to the increased loading over the rear part of
the plate after the initial separation (ref. U).

.

The lift curves for the NACA 64-oo9 airfoil section, presented in
figure 3(a), indicate that, at a Mach number of 0.09, the stall was abrupt
and increasing the Mach number beyond 0.26 resulted in a gradual stall.
As was the case-for the NACA 65-oo6 airfoil section, a secondsry rise
in section lift coefficient was obtained at a Mach number of 0.21 and the
maximum value of the section lift coefficient was obtained after initial
separation.

The lift curves for the NACA 64-21o airfoil section, presented in
figure 4(a), indicate Mach number effects on the stalling characteristics
similar to those observed in tests of the NACA 64-o@ airfoil section.

The data for the NACA 642-=5 airfoil section, presented in fig-
me 5(a)j indicate that gradual stalls were obtained for all the Mach
numbers investigated. The change in stalling characteristics of the
NACA 642-~5 airfoil section resulting from variations of the Mach nwn-
ber between 0.1 and O.kwere considerably less than the changes in stall.
obtained for the thinner airfoil sections. It is evident from the lift
curves obtained for the four airfoil sections investigated that variations

d
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of the l.kchnumber between 0.1 and 0.4 may result in marked changes in
the airfoil stalling characteristicsand should be considered in pre-
dicting aircraft performance and handling characteristics.

The data presented in parts (a) of figures 2 to 5 indicate that
increasing the Mach number from 0.1 to 0.5 caused the slope of the lift
curve, measured near zero lift, to increase slightly. Such an increase
in lift-curve slope with increasing Mach number is indicated by theory.
Changes in the section angle of attack for maximum section lift coeffi-
cient as a result of variations of Mach nuniberwere more apparent for the
cases where the stalls were abrupt than for those cases where the stalls
were gradual.

The variation of maximum section lift coefficient with Mach number
for each of the four airfoil sections investigated is shown in figure 6(a).
It is apparent from these data that the variation of maximum section lift
coefficient with Mach number depends upon the airfoil section and to
some extent upon Reynolds number. The maximum section lift coefficient
of the NACA 65-006 airfoil section was essentially independent of the
Mach number except for the previously discussed increase in section lift
coefficient attained after the onset of separation at a Mach number of
about 0.2. If the section lift coefficient corresponding to the onset
of separation had been used as the maximum section lift coefficient for
that Mach number, the variationbf maxim section lift coefficient with
Mach number would be considerably smaller. Increasing the Mach number
from 0.1 to 0.4 caused the maximum section lift coefficient of the ‘
NA.CA64-o@ airfoil section to decrease by approximately 0.2.

The maxim section lift coefficient of the WA 64-ZLO airfoil sec-
tion decreased as much’as 0.4 as a result of increasing the Mach number
from 0.1 to 0,4. The knee of the curve of maximum section lift coeffi-
cient against Mach number coincides with the change from an abrupt stall
to a more gradual stall. The maximum section lift coefficient of the
NACA 642-215 airfoil section decreased approximately 0.2 as the Mach num-
ber increased from 0.1 to 0.4. The decrease was nearly the same as that
obtained for the NACA 64-o@ airfoil section but only about half of that
obtained for the NACA 64-ZZO airfoil section.

Effect of Reyuolds number for constant Mach number.- The effects of
variations of the Reynolds number on the stalling characteristicswere
generally small for the range of Reynolds nuii%erinvestigated,as indi-
cated by the data presented in parts (a) of figures 2 to ~. Increasing

the Reynolds number up to 9.0 X 106, howeverj had a tendency to reduce the
abruptness of the stall for the NACA 64-21o airfoil section (fig, h(a)).
The slope of the lift curve for each of the four airfoil sections inves-
tigated, as might be expected, W-FM genera~”not affected to any large
extent by variations of the Reynolds number.
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. The variations of
number for the airfoil
copstant values of the

7

maxim section lift coefficient with Reynolds
sections in the smooth condition are presented for
kch number in figure 7. The maximum section lift

. coefficient of the NACA 65-006 airfoil s=ction was nearly independent of
the Reynolds number for each of the Mach numbers investigated. In the
investigation reported in reference 12, it was found that, although the
maximum section lift coefficient of the NACA 65-006 airfoil section was

nearly constant for Reynolds numbers between 3 X“105 and 9 X 106,

increasing the Reyuolds number to 25 X 106 with slight variations of
Mach number increased the maximum section lift coefficient at a low Mach
number by approximately 0.1. (Although the effects of Reynolds number
on the maximum section lift coefficient of the NACA 64-oo9 airfoil sec-
tion were not investigated in the present investigation, data indicating

the effects of vsrying the Reynolds
the maximum lift coefficient-of the
sented in ref. 12.)

The data presented in figure 7
lift coefficient of the NACA 64-21o

number from 3 x 106 to 25 x 106 on
NACA 64-o@ airfoil section are pre-

indicate that the maximum section
airfoil section increased with

increasing Reynolds number throughout the range of Reynolds number inves-
tigated. The manner in which the maximum section lift coefficient of

. the NACA 64-210 airfoil section varied with Reynolds number depended mark-
edly upon the Mch ?nuiber.

● The maximum section lift coefficient of the NACA 6%-215 airfoil

section, presented in figure 7, generally increased with increasing

Reynolds number for Reynolds numbers between 3.0 X 106 and 9.0 X 106.
The manner.in which the maximum section lift coefficient varied with
Reynolds number was nearly consistent for all the Mach nmbers inves-
tigated as compared with that for the NACA 64-210.airfoil section.

.

Effect of simultaneous variations of Mach number and Reynolds number.-
In order to illustrate the v~iation of scale effects on max5mum section
lift coefficient, three variations of Mach number with Reynolds number
were assumed as shown in figure 8(a). Condition 1 is approximately that
for a 2-foot-chord wing in a ~nd tunnel at atmospheric pressure. Con-
dition 2 is approximately that for a 2-foot-chord model in a wind tunnel
at a pressure of 2 atmospheres absolute. Condition 3 represents one of
the conditions that canbe obtained with a 2-foot-chord model in the
Langley low-turbulence pressure tunnel by regulating the yressure. The
vsriation of maximum section lift coefficient with Reyuolds number for
the NACA 64-210 airfoil section for these conditions is presented in
figure 8(b). The data presented in this figure show that the scale effects
as indicated by experimental data can depend to a large extent on the
manner in which the Mach number varies with the Reynolds number. The

. curve for condition 1 is markedly different from those for conditions 2

.
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and 3. Reducing the variation of Mach number with Reynolds number from
condition 1 to condition 2 resulted in a variation of maximum section
lift coefficient with Reynolds number that was nearly the same as that
for the condition of constant Mach number for a large range of Reynolds
number. If it is expected that wtig LWXhUm lift coefficients approaching
those of smooth airfoil sections will be realized on operational aircraft,
the predicted aircraft low-speed performance characteristicsmay depend
to a marked extent on whether the interrelated effects of Mach number and
Reynolds number were considered.

Data indicating the interrelated effects of Mach number and Reynolds
nmber on a wing utilizing the NACA 64-21o airfoil section are presented
in references 7 and 13. The variation of Mach number with Reynolds nti-
ber for the investigationsreported in these references is presented,in
figure 9(a). The variation of maxim wing lift coefficient with Reynolds
number, also obtained from these references, is presented in figure 9(b).
Also shown in figure 9(b) is the variation of maximum section lift coeffi-
cient with.Reynolds number for the NACA 64-=0 airfoil section for the
same Mach numbers as those used in the investigation of the wing reported
in reference 13. The agreement between the airfoil-sectiondata with
those obtained from tests of the wi.~ at a pressure of 33 pounds”~er square
inch absolute canbe considered good inasmuch as some of the small differ-
ences can be attributed to three-dimensio.naleffects. A marked discrep-
ancy, however, is evident ‘betweenthe airfoil maximum section lift coeffi-
cients and the wing maximum lift coefficients for atmospheric pressure for

Reynolds numbers up to about 4 X 106 (fig, 9(c)). At Reynolds numbers

higher t~. about 4 X 106, the wing data for atmos~heric pressure are nearly
in agreement with those obtained from two-dimensionaltests. An expla-
nation of the ‘differencesin the flow conditions causing such a marked
disagreement between the wing maximum lift coefficients for atmospheric
pressure and the airfoil maximum section lift coefficients is not avail-
able at present.

Comparison with previously published data.- Section aerodynamic data
for the four airfoil sections investigated have been presented for Reynolds

nmibers of 3 X 106, 6 X 106, and 9 X 106 in reference 10. The approximate
Mach nuniberscorresponding to those Reynolds numbers-are indicated by the
symbols in figure 10(a). These approximate Mach numbers, which were generally
used in the investigationreported in reference 10, are such that the
effects of compressibilityon the maximum section lift coefficient are
small for the correspondingReynolds numbers as indicated by the data
presented in figure 6.

A comparison of the maximum section lift coefficients obtained from
the yresent investigationwith those obtained from reference 10 for approx-
imately the same Mach numbers is presented @ figure 10(b). The maximum
section lift coefficients obtained for the models used in the present

.
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, investigation were generally slightly lower than those of the models used
in the investigation reported in reference 10. The best agreement between
the two sets of data was obtained for the NACA 64-210.airfoil section with.
fences. Some of the differences in the maximum section lift coefficients
obtained from the two investigations might be caused by very small differ-
ences in the airfoil nose contour of the present models as compared with
the models previously tested.

Rough Airfoils

Effect of Wch number for constant Reynolds nuniber.-The data for the
four airfoil sections investigated with leading-edge roughness, pre-
sented in parts (b) of figures 2 to 5 indicate that variations-of the Mach
number between 0.1 and 0.5 for a constant Reynolds nunibercaused no
marked changes in the stalling characteristics, and that all the stalls
were gradual. In accordance tith the discussion of flow phenomena at
maximum lift in reference 12, a gradual staU might be expected with
leading-edge roughness inasmuch as the stall usually results from a grad-
ual forward movement of the separated turbulent boundary layer from the
trailing edge. The variation of maximum section lift coefficient with
Mach number was small in comparison with the variation obtained for the

.
smooth condition (fig. 6). The fact that variation of Mach number had
lsrger effects on the maximum lift fqr the smooth condition than on the
maximum lift for the rough condition might be expected from consideration.
of the high local velocities associated with the maximum lift of thin
smooth airfoil sections.

The effect of leading-edge roughness on the maximum section lift
coefficient can be determined from a comparison of the data obtained for
the smooth condition (fig. 6(a)) with those obtained at the same Mach num-
berwith leading-edge roughness (fig. 6(b)). For the atifoils with thick-
nesses of 0.09c, O.1OC, and 0.15c, the decrement of maximum section
lift coefficient due to leading-edge roughness generally decreased as
the Mach number increased. Leading-edge roughness on the airfoil sectio”n
with a thickness of 0.06c generally caused a slight increase in maxi-
mum section lift coefficient.

Effect of Reynolds number for constant Mach number.- The effect of

viw the Reynolds *er on the stalling characteristics while main-
taining a constant value of the Mach numiberis indicated by the data pre-
sented in parts (b) of figures 2 to ~. The data indicate that, with
leading-edge roughness, the type of stall and the slope of the lift curve
were not appreciably affected by variations of the Reynolds number within
the range investigated. The maximum section lift coefficients for the
four airfoil sections investigated, presented in figure 6(b), were nesrly

● independent of the Reynolds number. Data for the NACA 63-009 airfoil sec-
tion in reference 12 indicate that the maximum section lift coefficient

.
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*

for that airfoil section with leading-edge

stant for Reynolds numbers between 6 X 106,

roughness was nearly con-

. which was the lowest value ,
investigated, to 25 x 106.

Effect of simultaneous variations of Mach number and Reynolds
number.- The variation of maximum section lift coefficient of the
~-210 airfoil section for three conditions of varying Mach number

.

is presented in figure 8(c). The data presented in figure 8(c) indicate
that, for the NACA 6k-210 airfoil section with leading-edge roughness,
the variation of maximum section lift coefficient with Reynolds number was
nearly the same regardless of how the Mach.number varied with Reynolds
number, if the Mch number was less than 0.5. From the data for the other
three airfoil sections with leading-edge roughness (fig.6(b)), it
can be seen that the manner in which the Mach number varied with Reynolds
number would also have only small.effects on the variation of maximum
section lift coefficient with Reynolds nuniber. A comparison of the data
presented in figure 8(c) with those presented in figure 8(b) indicates
that the interrelated effects of Mch number and Reynolds number on maxi-
mum lift for the rough airfoil at Mach numbers less than 0.> are very
small as compared with those for the smooth airfoil section.

.
Comparison with previously published data.- The maximum section lift ‘

coefficients obtained with leading-edge roughness for a Reynolds number

of 6 X 106 and a I&ch number of OJ1O and the decrements of maximum section
“

lift coefficient due to leading-edge roughness for a Reynolds number of

6 x 106 are compared with values obtained from reference 10 in the following—
table:

v

Airfoil section

NACA 65-006

NACA 64-o@

NACA 64-210

I MACA642-215

Present
investigation

c2H
0.86

.86

● 97

1.11

& lmx

-0.08

.16

●44

● 35

Reference 10

clmx
0.92

● 90

1.04

1.21

242
2W

-0.08

.18

.40

.34

In general, the maximum section lift coefficients obtained from the .

two investigatio& are in agreement by the same amount as were the data
for the smooth airfoil sections (fig. 10). The decrements of maximum

.
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x section lift coefficient due to leading-edge,roughnesswere
very good agreement with the values oltained from reference

.

CONCLUSIONS

11

generally in
10.

An investigation has been made in the Langley low-turbulence pressure
tunnel to determine the effect of varying the free-stream Mach number
from 0.1 to approximately 0.5 for constant values of the Reynolds number

ranging from 1.5 x 106 to 9.0 x 106 on the maximum-lift characteristics
of the NACA 65-oo6, 64-009, 64-21o, and 642-215 airfoil sections in the

smooth condition and in the condition with leading-edge roughness. The
results of the investigation indicate the following conclusions:

1. For the airfoil sections with abrupt stalls, such as the
NACA 64-21o at low Mach numbers, increases in Mach nuniber(Reynolds num-
ber held constant) generally resulted in gradual stalls; whereas, vari-
ations af Mach ntier generally caused only small changes in the stalls
for those airfoil sections such as the NACA 642-215 with gradual stalls
at low Jkch numbers. The stall for each airfoil sectiob with leading-

. edge roughness was grad~l and was generally unaffected by variations of
. Mach number.

. 2. The reduction in maximum section lift coefficient resulting from
an increase in Mach number from 0.1 to 0.4 depended on the airfoil section
and Reynolds nuniber,was very small for the MICA 65-006 airfoil section,
and ranged from 0.2 to 0.4 for the thicker airfoil sections. With leadin&
edge roughness, the maximum section lift coefficient was only sHghtly
affected by increasing the Mach number from 0.1 to approximately 0.5.

3. The Reynolds mutibereffects as indicated by experimental data for
smooth airfoil sections are dependent, in many cases, upon the manner in
which the Mach number varies with Reynolds number. Consequently, the
prediction of aircraft low-speed performance characteristics should include
considerations of the interrelated effects of Mach number and Reynolds
numbep on maximum lift if wing maximum lift coefficients app~oaching those .
of the smooth airfoil section are anticipated.

4. The interrelated effects of Mach numiberand Reynolds number as
indicated from investigations of full-span wings were not always in
agreement with the effects indicated by data obtained from investigations
of two-dimensional models. ‘The reasons for the differences were not evi-
dent.

.
Langley Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
. Langley Field, Vs., September 3, 1952.
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TABLEI.- AIRFOILSECTIONORDINATES
~te,tlons aridmlnates gl~en 1. peroent-j d,rollohor~

.*

.
NACA65-006

NACA6Lo09

Upper Surface Lower surfao.g
)rdlnat[ Ordlnat

.
.

.

& radlua: O.~0 .E.radluet0.579

NACA6L21o
NACA6~-215

.-
Lower aurfaoeUpper surfaoe

hwer surface
OrdUte )rdlnate

3IWJG1O Ordlnat

.

I.E.radius: 0.720
10pe of radius throui?hL.Eo:O.O&

E. radlua: 1.590
.cpe of radiue through L.E.: O.0~

=s=

.. .
●
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TABLE II.- ~T CONDITIONS

15

●

✎

Airfoil Surface Reynolds Range of
Figure

section condition number Mach number

3.0 x 106 0.10 to 0.37
Smooth 6.0 .09 to .36 2(a)

NACA 65-006 9.0 .11 to *39

,
Rough .10 to

● 37
2:: .14 to .36

2(b)

NACA 64-009 Smooth .09 to .47 3(a)
Rough ;:: .Og -to .46 3(b)

1.5 .07 to ● 34
2.5 .08 to .24

Smooth .08to .41
::; .08 to .33

4(a)

6.0 .09 to .46
9.0 .10 to ● 37

NACA 64-210
1.5 .08to .33

.08 to .20

Rough ;:: .08 to .41 4(b)
4.5 .07 to .35
6.0 .08 to .45
9.0 .10 to .38

.09 to .35
Smooth 2:: .09 to ;% 5(a)

9.0 .11 to
NACA 642-=5

.09 to .36
Rough ;:: .09 to .43 5(b)

9.0 .11 to .36
.



16 NACA TN 2824

●

$-in*8tee1T-’==’------===-t
,

.

L-= =========== =======- :~
O.WJO 0.070

A / \ -1-
T )-km. fenoe

_—— — ___

‘-.
-.

>
I--

I .,

0.080+/ 1=-q

1.6

1.2
0- I

I
.
z

~ .8
u~

:
Configurate Ion

$J+ O.1O Withoutfenoes
.Og Long Senoea

:
d .10 Shortfenoes
*

:0

=&=’-

-.4
-8 0 8 16
Seotlon angle of attaok, ao, deg

T

Figure l.- Section lift characteristicsof the NACA 64-21o airfoil section - ‘ _

with and without fences. Smooth condition; R . 3.0 x 106.
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(a) Smooth condition.

Figuxe 2,- Section lift characteristics of the NACA 65-006 airfoil section
at several free-stream Mach numbers and Reynolds numbers.
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Figure 2.- Concluded.
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(a) Smooth condition.

z
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(b) Rough condition.

Figure 3.- Section lift characteristics of the NACA 64-oo9 airfoil section

at several free-stream Mach numbers. R = 6.0 X 10%
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(a) Smooth condition.

Figure 4.- Section lift characteristicsof the NACA 64-21o airfoil section
at several free-streamMach numbers and Reynolds numbers.
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(a) Smooth condition. Concluded.

Figure 4.- Continued.
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Figure 4.- Continued.
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0 0 0 0
Seotion angle of attack,ao,deg

Rough condition. Concluded.

Figure 1.- Concluded.
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(a) Smooth condition.

Figure ”~.-Section lift characteristics of the NACA 642-21.5airfoil section

at several free-streamMach numbers and Reynolds numbers.
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Free-stream Maoh

NAOA64-210 airfoil
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mmber, M

NAOAq215 airfoil

(a) Smooth condition.

Figure 6.- Variation of maximum section lift coefficient with free-
stream Mach number for several NACA 6-series airfoil sections at
several Reynolds numbers.
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Figure 6.- Concluded.
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Figure 7.- Variation of maximm section lift coefficient with Reynolds
number for several free-streamMach numbers. Smooth condition.
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(a)
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0
“o 1 2 3 k 5 6.7 .3 9 10 x 106

Reynolds number, R

Assumed variations of Mach number with Reynolds number.

(b)

1 2 3 4 5 6 7 s 9 10x10b
Reynolds mber, R

Variation of Mxinnnu section lift coefficient with
Reynolds number for smooth airfoil section.
*

1 2 3 456789 10x106
Reynolds umber, R

]
(c) Variation of maximum section lift coefficient with

Reynolds number for airfoil section with leading-edge
roughness.

Figure 8.- Variation of maxhaum section lift coefficient with Reynolds
nmber for the NACA 64-21o airfoil section for three assumed varia-
tions of Mach number with Reynolds nuniber.
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(a) Variation of Mach number with Reynolds number for tests of
wing with aspect ratio of 6, taper ratio of 2.1, mean aero-
dynamic chord of 2.07 feet, and NACA 64-210 airfoil sections.
Data obtained from Langley 19-foot pressure tunnel’andLangley
16-foot high-speed tunnel.

Figure 9.- Comparison of data obtained from tests of two-dimensional
model of NACA 64-210 airfoil section in Langley low-turbulence
pressure tunnel (LTPT) with data obtained from tests of wing of
NACA 64-210 airfoil section in Langley 19-foot pressure tunnel
(ref. 13) and Langley 16-foot high-speed tunnel (ref. 7). “
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(b) Variation of msximum wing lift coefficient and msximum
section lift coefficient with Reynolds number for conditions
in Lagley 19-foot pressure tunnel at 33 pounds per square
inch absolute.
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(c) Variation of maxtium wing lift coefficient and maximun
section lift coefficient with Reynolds nmber obtained from
tests in three tunnels. Langley 16-foot high-speed tunnel
and Langley 19-foot pressure tunnel at atmospheric pressuxe.

106

Figure 9.- Concluded.
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(a) Approximate free-streamMach numbers for the two-dimensional
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(b) Variation of maximum section lift coefficient
with Reynolds number.-

Figure 10.- Comparison of maximum section lift coefficients obtained
present investigation
in smooth condition.

.

.-

. .

X 106 _

.

.

——

—

..-

,,.-

,
.

.

-.—

,—

.-

from
with those obtained from reference 10. Models

.

●

NACA-Lengley-11-10-52-1000


